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RAP/HRRR Implementation History

Operational Implementations

01 May 2012 25 Feb 2014

> RAPv1: Adoption of GSI, WRF-ARW and unified post > RAPv2: Hybrid EnKF-3DVar data assimilation

» Enabled use of community-developed software » Significant improvement in upper-air forecasts
30 Sep 2014 23 Auqg 2016

> HRRRv1: 3-km Radar DA in WRF-ARW » RAPvV3/HRRRv2: Aerosol Thompson MP,

> Significant improvement in convective forecasts improvements to MYNN PBL, RUC LSM, RRTMG

Rad, Grell-Freitas cumulus
» Significant improvement in surface forecasts

13 Feb 2018

» RAPvV4/HRRRv3: Hybrid Vertical  Extended Forecast Lengths OCONUS Domains
Coordinate, Eddy Diffusivity RAP: 03z, 09z,15z,21z 21 hrs > 39 hrs HRRR-Alaska:
Mass Flux PBL RAP: All other hourly cycles remain 21 hrs Every 3 hrs to 18 hrs

» Reduction in short-lead biases HRRR: 00z, 06z, 12z, 18z 18 hrs > 36 hrs  Every 6 hrs to 36 hrs
and improved mesoscale HRRR: All other hourly cycles remain 18 hrs HRRR-Hawaii: ??

environment

18th WRF Workshop ® RAP/HRRR Implementations 13 June 2017 & 2
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RAPV4/HRRRv3 Change Highlights

Model

Data Assimilation

WRF-ARW v3.8.1+ incl. physics changes

Physics changes (12 changes):

Thompson microphysics — improved upper-level clouds
GF Convective update — more optimal precip bias

Merge with GSI trunk — last updated in May 2017
New Observations for assimilation (4 changes):
NCEP new VAD wind retrievals

AMVs over land and TAMDAR

Gravity wave drag (RAP and HRRR) — better winds
Numerics changes (2 changes):

Hybrid vertical coordinate from NCAR - better meso env
Full geometric diffusion — better winds/temp in terrain

RAPv4 | MYNN PBL update — better sub-grid clouds, meso env Add IASI, CrIS, SEVIRI radiances
(13 km) LSM update — 15” MODIS data — better lower boundary Assimilation Methods (9 changes):
Refined roughness lengths over various land use types Revised PBL pseudo-obs — reduce RH bias
Numerics changes (3 changes): More ensemble weight in hybrid DA (0.85/0.15)
Improved terrain (cell avg) — better winds /turbulence METAR/GOES cloud consistent (<1200m AGL)
Hybrid vertical coordinate from NCAR - better meso env Cloud building — smaller qc/qi — more retention
Full geometric diffusion — better winds/temp in terrain Reduced latent heating — improved precip bias
WRF-ARW v3.8.1+ incl. physics changes New Observations for assimilation (5 changes):
Physics changes (12 changes): NCEP new VAD wind retrievals
Thompson microphysics — improved upper-level clouds AMVs over land and TAMDAR
MYNN PBL update — better sub-grid clouds, meso env Radar radial velocity and lightning
HRRRV3 | | sv update — 15” MODIS data — better lower boundary Assimilation Methods (9 changes):
(3 km) | Refined roughness lengths over various land use types Revised PBL pseudo-obs — reduce RH bias

More ensemble weight in hybrid DA (0.85/0.15)
METAR and GOES cloud consistent (<1200 m AGL)
Cloud building — smaller qc/qi — more retention

18th WRF Workshop ® RAPv4/HRRRv3
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H . . . . Boundary
Operatlonal Model | Run at: |Domain G.”d G".d Vertical Vertl_cal Pressure Condition| Initialized
Points | Spacing | Levels | Coordinate Top
RAPvV3/HRRRv2 s
GSD, North 953 x . Hourly
RAP NCO |Americal 834 13 km 50 Sigma 10 mb GFS (cycled)
Hourly (pre-
HRRR 1D} CONUS LGSR 3 km 50 Sigma 20 mb RAP  [forecast hour|
NCO 1059
cycle)
Model Version Assimilation Radar DA Radiation Microphysics Cumulus PBL LSM
LW/SW phy Param
RAP WRF-ARW GSI Hybrid 13-km DEI RRTMG/ [ Thompson GF + MYNN | RUC
v3.6+ Ensemble to 0.75 RRTMG | Aerosol v3.6 Shallow v3.6 v3.6
HRRR WRF-ARW GSI Hybrid 3-km RRTMG/ [ Thompson None MYNN | RUC
v3.6+ Ensemble to 0.75 [ 15-min LH | RRTMG | Aerosol v3.6 v3.6 v3.6
Horiz/Vert| Scalar Upper- Diffusion | 6t" Order S.W. Land |MP Tend | Time-
Model . . Level . . ) Radiation . .
Advection/Advection i Option | Diffusion Use Limit Step
Damping Update
Positive- [w-Rayleigh| .. Yes : MODIS
th/Rth
RAP 5th/5 Definite 0.2 Simple (1) 0.12 20 min Seasonal 0.01K/s | 60s
Positive- [w-Rayleigh| .. Yes 15 min with | MODIS
th/R/th
Al @ Definite 0.2 S ()] g SW-dt  |Seasonal| 207 s | 20s




Upcoming
RAPv4/HRRRv3

No Change in CONUS
Domains

Newer Model Version
with hybrid vert coord

More Ensemble Weight

Advanced Physics Suite

Seasonal Vegetation
Fraction/Leaf Area Index

. . . . Boundary
Model | Run at: |Domain G."d G".d Vertical Vertl_c al Pressure Condition| Initialized
Points | Spacing | Levels | Coordinate Top s
GSD, | North [ 953 x Hourly
Al NCO |America| 834 (LA oL ol e (cycled)
Hourly (pre-
GSD, 1799 x
HRRR NCO CONUS 1059 3 km 50 20 mb RAP  [forecast hour
cycle)
Version Assimilation Radar DA Radiation Microphysics Cumulus PBL LSM
LW/SW phy Param
GF +
Shallow
¢ i, None

15-min LH

. Upper-
Horiz/Vert| Scalar
Model Advection/Advection DLevc?I
amping
Positive- [w-Rayleigh
th/Rth
RA 5015 Definite 0.2
Positive- |w-Rayleigh
th/R/th
ARG 9 Definite 0.2

Diffusion
Option

6th Order
Diffusion

Radiation

SW

Update

Yes
0.12

Land | MP Tend | Time-

Use Limit Step
0.01K/s | 60s
0.07K/s| 20s




Hybrid coordinate

VVEL (fill), POTL TEMP (black), PBL TOP (dash)

Init: 2016-11-17_12:00:00

Valid: 2016-11-17_17:00:00 -1

ms

ASL (km)

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

ASL (km)

-0.2
-0.4
-0.6
-0.8

-1.2
-1.4
-1.6
-1.8

750

1000

1250 1500

16.0

14.0

12.0

o
o

4.0

2.0

0.0

Distance (km)

Less “Noise” in Hybrid

Terrain-following coordinate

VVEL (fill), POTL TEMP (black), PBL TOP (dash)

Init: 2016-11-17_12:00:00

Valid: 2016-11-17_17:00:00

Distance (km)

iz 428 428
— 2000
) M2 32
404
388 3% P -
380 388
- 372% 0
64 ~
(356 2 373—
_5'-—348 305 356 3‘64
)
340 \?\%‘
% 2o
— K \ 2 %
324 232 =
' 324
—] @ 316 ERE
? 310 «P%\ E
— 0%
3@ 300 ; " ~ )
~ 2
300 K :/ ' :/
\ 292 I\‘ N > —/
f N "N oS = J 1/
. « - Y L 53 =
L --
| | | | [ |
0 250 500 750 1000 1250 1500



/ESRL

AS DIVISION

RAPv4
RAPvV3 (ops)
RAPv4-RAPV3 -

Temp

— RRret_protoRAPv4_winter-RAP_OPS_130 rgn:RUC, temperature rms 6h fest
RRret_protoRAPv4_winter rgn:RUC, temperature rms 6h fcst 02Jan17 thru 22Ja
RAP_OPS_130 rgn:RUC, temperature s 6h fcst 02Jan17 thru 22Jan17

RH

—— RRret_protoRAPv4_winter-RAP_OPS_130 rgn:RUC, RH rms 6h fest

RRret_protoRAPv4_winter rgn:RUC, RH rms 6h fcst 02Jan17 thru 22Jan17

—— RAP_OPS_130 rgn:RUC, RH rms 6h fest 02Jan17 thru 22Jan17

(=]

(=3 (=3
BRS 8a
L 5 .C
c [3]
- b
© 4]
6 hr E8 £8
P P
[ ©
o i o
£ o £ o
(=3 = 3 S
o © o ©
— —
3 3
@ @
[ [
o R
RAPv4 8| 8
-~ 2
better< T T T 1 T T T 1 r T 1 T 1T 1T 1T 1T 1T T T T T 11
0.00 0.40 0.80 1.20 1.60 2.00 -40 00 40 80 120 160 20.0 24.0
Kelvin (boxes show 95% confidence) percent (boxes show 95% confidence)
F u I I rms rms
Tropospheric
—— RRret_protoRAPv4_winter-RAP_OPS_130 rgn:RUC, temperature rms 12h fcst —— RRret_protoRAPv4_winter-RAP_OPS_130 rgn:RUC, RH rms 12h fcst
I m rove m e nts —— RRret_protoRAPv4_winter rgn:RUC, temperature rms 12h fcst 02Jan17 thru 22J —— RRret_protoRAPv4_winter rgn:RUC, RH rms 12h fcst 02Jan17 thru 22Jan17
p —— RAP_OPS_130 rgn:RUC, temperature rms 12h fest 02Jan17 thru 22Jan17 —— RAP_OPS_130 rgn:RUC, RH rms 12h fest 02Jan17 thru 22Jan17
(=] o
(=3 (=3
12 hr BR B &
= =
L2 2
@ 4]
E8 €8
P = P
© ]
= =
£3 £3
03 i: 03
— —
=1 3
@ i @
[ [
o { &R
RAPv4 g 8
=
better

o T T T T T T T T T T
-040 0.00 040 080 120 1.60 200 240

eo0e

o |1

Pressure (hPa), matched

o |1

Pressure (hPa), matched

800 600 400 200

1000

800 600 400 200

1000

rms

Wind

RRret_protoRAPv4_winter-RAP_OPS_130 rgn:RUC, winds ms 6h fcst
RRret_protoRAPv4_winter rgn:RUC, winds rms 6h fest 02Jan17 thru 22Jan17
RAP_OPS_130 rgnRUC, winds rms 6h fcst 02Jan17 thru 22Jan17

[
6.0

L T 1 | |
1.0 20 30 40 50
m/s (boxes show 95% confidence)

rms

RRret_protoRAPv4_winter-RAP_OPS_130 rgn:RUC, winds rms 12h fcst
RRret_protoRAPv4_winter rgn:RUC, winds rms 12h fcst 02Jan17 thru 22Jan17
RAP_OPS_130 rgmRUC, winds rms 12h fest 02Jan17 thru 22Jan17




GLOBAL SYSTEMS DIVISION

RAPvV4
RAPvV3 (ops)
6 hr fcsts

00 UTC

oe bias

[ JOX ) bias

Hoe bias

Reduced
RH Bias
Aloft

Temp

RRret_protoRAPv4_winter rgn:RUC, temperature bias 6h fcst valid at 0Z 02Jan
—— RAP_OPS_130 rgn:RUC, temperature bias 6h fcst valid at 0Z 02Jan17 thru 22.J;

12 UTC

[S)
- =]
o
=
[]
=
e =]
ES
=¥
o]
<
—
<s K
© ©
—
=
@
]
o« AN
~ N
S e
S| e
S
-
l T T I T T T |
-0.20 0.00 0.20 0.40 0.60
Kelvin (boxes show 95% confidence)
bias
RRret_protoRAPv4_winter rgn:RUC, temperature bias 6h fest valid at 12Z 02Jar|
—— RAP_OPS_130 rgn:RUC, temperature bias 6h fcst valid at 12Z 02Jan17 thru 22,
S
- =]
® R
=
Q
=
: . =
ES
=¥
[0
o
<3
o ©
—
3
@
]
o ®
=)
S —
S
-
I T T I I I |

f T I
-0.40  -0.20 0.00 0.20 0.40 0.60

RH

RRret_protoRAPv4_winter rgn:RUC, RH bias 6h fcst valid at 0Z 02Jan17 thru 22
—— RAP_OPS_130 rgn:RUC, RH bias 6h fcst valid at 0Z 02Jan17 thru 22Jan17

0

20

Pressure (hPa), matched

T 1T T T 1T 1T T 1T 1T 1T T T 11
.0 20 40 6.0 80 100 120 14.0
percent (boxes show 95% confidence)
[ JOX ) bias

Wind

RRret_protoRAPv4_winter rgn:RUC, winds bias 6h fcst valid at 0Z 02Jan17 thru
—— RAP_OPS_130 rgn:RUC, winds bias 6h fcst valid at 0Z 02Jan17 thru 22Jan17

— RRret_protoRAPv4_winter rgn:RUC, RH bias 6h fest valid at 12Z 02Jan17 thru 2
—— RAP_OPS_130 rgn:RUC, RH bias 6h fest valid at 12Z 02Jan17 thru 22Jan17

(=]

200
N

400

600

Pressure (hPa), matched

1800

1000

T T T 17T T T 1
00 20 40 60 80 100 120 14.0

o
=)
8K
L
[&]
=
©
ES
=¥
©
o
£ o
~ 3
O ©
— o
=
2 —]
=
g8
o N
S
S
-
I T T T T T T T T |
-0.40 0.00 0.40 0.80 1.20 1.60
m/s (boxes show 95% confidence)
bias
— RRret_protoRAPv4_winter rgn:RUC, winds bias 6h fcst valid at 12Z 02Jan17 thr
—— RAP_OPS_130 rgn:RUC, winds bias 6h fcst valid at 12Z 02Jan17 thru 22Jan17
o
=]
38 —
- p——
L2 L
© =3
E8 .
P
©
o
£3 JAY
o © v
> A |
@ L
=
g8
o
S
S
-
T T T T I T T T |
-0.40 0.00 0.40 0.80 1.20




/ESRL

AS DIVISION

RAPv4
PV3 (o ps) RRret_protoRAPv4_summer-RAPv3_NCO rgn:RUC, temperature rms 6h fest RRret_protoRAPv4_summer-RAPv3_NCO rgn:RUC, RH rms 6h fest
—— RRret_protoRAPv4_summer rgn:RUC, temperature rms 6h fest 01Jul16 thru 144 —— RRret_protoRAPv4_summer rgn:RUC, RH rms 6h fest 01Jul16 thru 14Jul16
RAPV4_RAPV3 ——— RAPV3_NCO rgn:RUC, temperature rms 6h fcst 01Jul16 thru 14Jul16 ——— RAPV3_NCO rgnRUC, RH rms 6h fcst 01Jul16 thru 14Jul16
(=1 (=1
j=] o
] he]
SR o
< =
(3] (3]
= =
6 h g g
r £3 E38
P P
@ ©
o o
£g <8
oS oS
[OR) Ol
S —
= =
2 2
08 28
o @ o ©
=) o 3
RAPv4 ¢ g
better 1 T T T T T 1 1T T 1T 1T T 1T T T T T T T
-0.40 0.00 0.40 0.80 1.20 1.60 -4.0 0.0 40 80 120 16.0 20.0 24.0
Kelvin (boxes show 95% confidence) percent (boxes show 95% confidence)
FuII oo e rms _|eoe rms
Tropospheric
RRret_protoRAPv4_summer-RAPv3_NCO rgn:RUC, temperature rms 12h fest RRret_protoRAPv4_summer-RAPv3_NCO rgn:RUC, RH mms 12h fst
I m rove me nts RRret_protoRAPv4_summer rgn:RUC, temperature rms 12h fcst 02Jul16 thru 14 RRret_protoRAPv4_summer rgn:RUC, RH rms 12h fcst 02Jul16 thru 14Jul16
—— RAPv3_NCO rgn:RUC, temperature rms 12h fcst 02Jul16 thru 14Jul16 —— RAPv3_NCO rgn:RUC, RH mms 12h fest 02Jul16 thru 14Jul16
(=] o
<% <3
o he]
12 hr : B &
< <
[3] [3]
=2 =
o :Z: @©
IS €8
Py ~ L a3 <
© ©
[a 8 [a
g =3
(=] (=]
@ © QO ©
— —
> =]
2 2
23 28
o @« o «©
H o
RAPv4 g g
better< T T T T 1T T T T T T T T T 1T T T T T T T71
0.00 0.40 0.80 1.20 1.60 2.00 0.0 4.0 8.0 120 16.0 20.0 24.0

[ JOX rms

Wind

RRret_protoRAPv4_summer-RAPv3_NCO rgn:RUC, winds rms 6h fest
RRret_protoRAPv4_summer rgn:RUC, winds rms 6h fcst 01Jul16 thru 14Jul16
RAPV3_NCO rgn:RUC, winds rms 6h fcst 01Jul16 thru 14Jul16

600 400 _ 200 0 | | |

Pressure (hPa), matched

800

1000

T T T 1T T T T T 1 1 1
00 10 20 30 40 50 60
m/s (boxes show 95% confidence)

rms

RRret_protoRAPv4_summer-RAPv3_NCO rgn:RUC, winds rms 12h fest
RRret_protoRAPv4_summer rgn:RUC, winds rms 12h fest 02Jul16 thru 14Jul16
RAPV3_NCO rgn:RUC, winds rms 12h fcst 02Jul16 thru 14Jul16

o |1

600 400 200

Pressure (hPa), matched
800

1000




RAPvV4
RAPvV3 (ops)
6 hr fcsts

00 UTC

12 UTC

bias

[ JOK J bias

doe bias

Temp

—— RRret_protoRAPv4_summer rgn:RUC, temperature bias 6h fest valid at 0Z 02Juy
— RAPvV3_NCO rgn:RUC, temperature bias 6h fcst valid at 0Z 02Jul16 thru 14Jul1f

RH

— RRret_protoRAPv4_summer rgn:RUC, RH bias 6h fcst valid at 0Z 02Jul16 thru 1
—— RAPV3_NCO rgn:RUC, RH bias 6h fcst valid at 0Z 02Jul16 thru 14Jul16

Wind

— RRret_protoRAPv4_summer rgn:RUC, winds bias 6h fcst valid at 0Z 02Jul16 thr
—— RAPV3_NCO rgn:RUC, winds bias 6h fcst valid at 0Z 02Jul16 thru 14Jul16

(=] o f=]
j=] j=] j=]
B B8R B
L K= L
Q Q Q
L L IL
© (1] (W]
€8 €8 £33
P = P = =3 =
O © ©
o a o
£ o £ o £ o
s} S s}
R o3 03
— =] — — —
3 p 3
@ @ @
08 08 08
o ® %‘ o *® a®
o (=] o
j=] (=] j=]
o o o
- | T T T 1 = I I I I I I | = I E— T T 1
-0.20 0.00 0.20 0.40 0.60 0.0 4.0 8.0 12.0 -0.80 -0.40 0.00 0.40 0.80
Kelvin (boxes show 95% confidence) percent (boxes show 95% confidence) m/s (boxes show 95% confidence)
bias | bias | bias
— RRret_protoRAPv4_summer rgn:RUC, temperature bias 6h fcst valid at 12Z 01J — RRret_protoRAPv4_summer rgn:RUC, RH bias 6h fcst valid at 12Z 01Jul16 thru| — RRret_protoRAPv4_summer rgn:RUC, winds bias 6h fcst valid at 12Z 01Jul16 th
— RAPvV3_NCO rgn:RUC, temperature bias 6h fcst valid at 12Z 01Jul16 thru 13Jul — RAPvV3_NCO rgn:RUC, RH bias 6h fcst valid at 12Z 01Jul16 thru 13Jul16 —— RAPvV3_NCO rgn:RUC, winds bias 6h fcst valid at 12Z 01Jul16 thru 13Jul16
(=] o f=] I
|
S S S }
8% ] BR S E I
L K= °
Q Q Q
L L L
© (1] (W]
£8 €8 £8
P = P = P =
O © ©
o a o
Lo £ o £ o
=} S o
R o3 03
— — 3 —
3 > 3
@ @ @
S 08 , 08
a® = o ® ] o ®
j=) o o
j=] (=] i=]
o (=] o
~ ~ ~
I [ I I [ [ I | T 1T 1T 17 T 17T 1T T T T T T [ [ ] I I [ I |
-0.20 0.00 0.20 0.40 0.60 20 0.0 2.0 4.0 6.0 80 100 120 -0.80 -0.40 0.00 0.40 0.80




R

& b
)
\ SZAESRL

GLOBAL SYSTEMS DIVISION

SURFRAD/SOLRAD DSWRF 6hr Fcst Verification

— i o’ " 7D MAE | = pmemseseee 7D BIAS :
AN . AN 4 8

s INAY N\ -~ AN A S
.CICJ \ .GC) A, h
e ~ 25 NWA\VA- #
APA 5 li’ \/\If// v \\/ .
go gc: ) & 7
=% HRRRV3 R4 ) ; Pt o

_| better 47 7 o oot (1600 ment

l‘ N T —— — = S | : oming Shortwave Radiation at Sfc (Wim . ‘Incoming Shortwave Radiation at Sfc (W/m*-2)
M " Experimental HRRRv3 7 3hr fcsts § Operational HRRRv2

— iERT?%-HRRRioPSdswrﬂ:i MAE 6h fest (3D avg) . .,; : ‘ £ - ! .‘
— pmemwensieony ., 9D MAE | — mmamsenees 3D BIAS | R B LR

N A a el 5",-::! :‘gE. ; i Uk 2 e ; T § Y L
s® N 5 A Bene s S ” I
2 /\ 2 AV i e
o8 —— \ 5 AR 3
A N Vo 3 N g 2
ol | i 9 NS e A\ _ -
S B NOTT TR ;
Ik S = | More Shortwave

© [r—— /| Improved Bias Attenuation -5

III|I5III|1(I)\I\|1§III|25\I\|23III"£5|IH|DI5IIII10 tnébllllojlII|1(I)JII|1éllI|2‘I)\II|2éIII%6|III|0I5III|1 = - = "

20 7_04 2017_05 2017_06 2017_04 2017_05 2017_06 (1 0 00 00 00 400 00 600 00 800 900 000 00 00 0 00 00 00 400 00 00 00 00 900 000 00 00




RAPv4
RAPvV3 (ops)
RAPv4-RAPvV3

6 hr

Improved
Diurnal
TIT,

12 hr

/Mvoe

RMS wind

5 T) 5 @s tem;erature [ XON ) RMS dewpoint
temperature RMS for RRret_protoRAPv4_winter-RRrapx, ALL_HRRR rgn, 6h fcst hr of day —— dewpoint RMS for RRret_protoRAPv4_winter-RRrapx, ALL_HRRR rgn, 6h fcst hieY day wri
temperature RMS for RRret_protoRAPv4_winter, ALL_HRRR rgn, 6h fcst hr of day 01Jan17| —— dewpoint RMS for RRret_protoRAPv4_winter, ALL_HRRR rgn, 6h fest hr of day 01Jan17 thr|
temperature RMS for RRrapx, ALL_HRRR rgn, 6h fcst hr of day 01Jan17 thru 22Jan17 wrtN  —— dewpoint RMS for RRrapx, ALL_HRRR rgn, 6h fcst hr of day 01Jan17 thru 22Jan17 wrt ME]
©
~t Y
\ =
To e
QN 5}
5 5%
©
T~ T
E.N =2
[ %)
= 2N
B o
[T D oo
Oy o3
° ¥
o o
S
—_— o
e S i —_—
I I I [ T I I | I I T T I I [ I [ I T T T I
v 4 8 12 16 20 0 4 8 12 16 20
Hour of Day (UTC) Hour of Day (UTC)
RAPv4
better
— -
RMS temperature [ XON ] RMS dewpoint

temperature RMS for RRret_protoRAPv4_winter-RRrapx, ALL_HRRR rgn, 12h fcst hr of da
temperature RMS for RRret_protoRAPv4_winter, ALL_HRRR rgn, 12h fcst hr of day 01Jan1
temperature RMS for RRrapx, ALL_HRRR rgn, 12h fest hr of day 01.Jan17 thru 22Jan17 wrt

T

2

————

1

(Celsius, Matched)

J—

v 4 8

T T T T T T T T T T
12 16 20

Hour of Day (UTC)

— dewpoint RMS for RRret_protoRAPv4_winter-RRrapx, ALL_HRRR rgn, 12h fcst hr of day wi|
— dewpoint RMS for RRret_protoRAPv4_winter, ALL_HRRR rgn, 12h fcst hr of day 01Jan17 tH
— dewpoint RMS for RRrapx, ALL_HRRR rgn, 12h fest hr of day 01Jan17 thru 22Jan17 wrt MH

[

6

(]

=

Lo

©

=

%)

=

[%)]

T)V'-

o

© ————— —
o ¥ 5 % A

Hour of Day (UTC)

OmWind

wind RMS for RRret_protoRAPv4_winter-RRrapx, ALL_HRRR rgn, 6h fest hr of day wrt ME
wind RMS for RRret_protoRAPv4_winter, ALL_HRRR rgn, 6h fcst hr of day 01Jan17 thru 22
wind RMS for RRrapx, ALL_HRRR rgn, 6h fcst hr of day 01Jan17 thru 22Jan17 wrt METAR

© /—-_\_,\
N T
N
=
O
Lo
e
® ©
s —
T N
L
Eq
S
X
o
2
< L JU B e E— |!_|_ — T
0 4 8 12 16 20
Hour of Day (UTC)
[ JOK ) RMS wind
— wind RMS for RRret_protoRAPv4_winter-RRrapx, ALL_HRRR rgn, 12h fest hr of day wrt MI
— wind RMS for RRret_protoRAPv4_winter, ALL_HRRR rgn, 12h fcst hr of day 01Jan17 thru 2
— wind RMS for RRrapx, ALL_HRRR rgn, 12h fcst hr of day 01Jan17 thru 22Jan17 wrt METAF
) mﬁ
—
el
So
L2
(1]
=
L)
E —
o
o
I I I I [ T
0 4 8 12 16 20
Hour of Day (UTC)



RAPv4
RAPvV3 (ops)
12 hr fcsts

West US

East US

.2

1

0.8

(Celsius, Matched)
0.4

0.0

-0.4

FmO temperature

[ XOX ) FmO dewpoint

o v —

[ JOX ) FmO wind

2mT

temperature FmO for RRret_protoRAPv4_winter, W_HRRR rgn, 12h fest hr of day 01Jan17
temperature FmO for RRrapx, W_HRRR rgn, 12h fest hr of day 01Jan17 thru 22Jan17 wrt M

N /4

\

\
\

T~ 7 ]
o~/
Optimal

AN /

N S

‘\_/

N

\ T T
0 4 8 12 16

T T T
20

Hour of Day (UTC)

-0.2 -0.1

-04 -0.3

(Celsius, Matched)
-0.5

-0.6

-0.7

FmO temperature

2mT,

— dewpoint FmO for RRret_protoRAPv4_winter, W_HRRR rgn, 12h fcst hr of day 01Jan17 thr
dewpoint FmO for RRrapx, W_HRRR rgn, 12h fest hr of day 01Jan17 thru 22Jan17 wrt MET|

& 7
STA\ /7
2=\ 7
S\ 7
AN ] /i
3 EERNAN Optimal Vi
83 ~= /i

' N 7

x N~

v ~7

0 s 8 " 2" 46 " 20 !
Hour of Day (UTC)
: .
[ NON J FmO dewpoint

temperature FmO for RRret_protoRAPv4_winter, E_HRRR rgn, 12h fcst hr of day 01Jan17 t|
temperature FmO for RRrapx, E_HRRR rgn, 12h fcst hr of day 01Jan17 thru 22Jan17 wrt M|

AN
/

\ /]
/]
N /S S
N/
\_Z

T T T T T T
12 16 20

8
Hour of Day (UTC)

1 T T T
0 4

dewpoint FmO for RRret_protoRAPv4_winter, E_HRRR rgn, 12h fcst hr of day 01Jan17 thru|
— dewpoint FmO for RRrapx, E_HRRR rgn, 12h fcst hr of day 01Jan17 thru 22Jan17 wrt MET.

N

Y /
8" /
%g\\ /
=~ NN /
53 N\ /
z \X\_ Optimal /
Os AN VA

° N/

;? \ \n_//

0 h I I T [ I [ I 2|0 I

8 12 16
Hour of Day (UTC)

10mWind

— wind FmO for RRret_protoRAPv4_winter, W_HRRR rgn, 12h fcst hr of day 01Jan17 thru 22.
— wind FmO for RRrapx, W_HRRR rgn, 12h fcst hr of day 01Jan17 thru 22Jan17 wrt METAR

o S~ ™~
s/ \
537 N
Eq W
°L_/
s/ AN
T / ~

T T T
12 16

0 4 8 20
Hour of Day (UTC)
[ JOX J FmO wind

— wind FmO for RRret_protoRAPv4_winter, E_HRRR rgn, 12h fcst hr of day 01Jan17 thru 22J
— wind FmO for RRrapx, E_HRRR rgn, 12h fcst hr of day 01Jan17 thru 22Jan17 wrt METAR

N AN —

sel/”

2%/ AN

§s Y

o N /

g AN 7

3 —
8 \ /
Q.0 4 8 12 16 20

Hour of Day (UTC)




RAPv4
RAPvV3 (ops)
RAPv4-RAPvV3

6 hr

Improved
Daytime
T/T/Wind

12 hr

[ NON ) RMS temperature [ NN ) RMS dewpoint
temperature RMS for RRret_protoRAPv4_summer-RAPv3_NCO, gmﬁ? rgn, 6h festhrf ~—— dewpoint RMS for RRret_protoRAPv4_summer-RAPv3_NCO, g_mi rgn,d'n fest hr of
temperature RMS for RRret_protoRAPv4_summer, ALL_HRRR rgn, 6h fcst hr of day 01.Jul1 — dewpoint RMS for RRret_protoRAPv4_summer, ALL_HRRR rgn, 6h fcst hr of day 01.Jul16 tl
temperature RMS for RAPv3_NCO, ALL_HRRR rgn, 6h fcst hr of day 01Jul16 thru 14Jul16 —— dewpoint RMS for RAPv3_NCO, ALL_HRRR rgn, 6h fest hr of day 01Jul16 thru 14Jul16 wrt
A .
o
53 i 82 I Z
5 — £ —
22 2
© @© ©
= ="
RN -
0~ (2]
= 2=
@D ©
[OR<} oL}
O Os
= =
=
S X
o
e SO
3 < e ————
S
I T [ I | I T I I I [ T | I | I I I
4 8 12 16 20 0 4 8 12 16 20
Hour of Day (UTC) Hour of Day (UTC)
RAPv4
better
Tree View Reset scale Tree View Reset scale

temperature RMS for RRret_protoRAPv4_summer-RAPv3_NCO, ALL_HRRR rgn, 12h fest
temperature RMS for RRret_protoRAPv4_summer, ALL_HRRR rgn, 12h fcst hr of day 01Julj
temperature RMS for RAPv3_NCO, ALL_HRRR rgn, 12h fcst hr of day 01Jul16 thru 14Jul1

RMS wind

L
— wind RMS for RRret JarotoRAPM_summer—RAPvS_NCJ, Ag_m rgn, !h!c!t‘!rgay

— wind RMS for RRret_protoRAPv4_summer, ALL_HRRR rgn, 6h fest hr of day 01Jul16 thru 1
— wind RMS for RAPv3_NCO, ALL_HRRR rgn, 6h fcst hr of day 01Jul16 thru 14Jul16 wrt MET

]

2

1

(m/s, Matched)

° — m—
I S S
Hour of Day (UTC)

Tree View Reset scale

— dewpoint RMS for RRret_protoRAPv4_summer-RAPv3_NCO, ALL_HRRR rgn, 12h fest hr
dewpoint RMS for RRret_protoRAPv4_summer, ALL_HRRR rgn, 12h fest hr of day 01Jul16
— dewpoint RMS for RAPv3_NCO, ALL_HRRR rgn, 12h fcst hr of day 01Jul16 thru 14Jul16 wr|

— wind RMS for RRret_protoRAPv4_summer-RAPv3_NCO, ALL_HRRR rgn, 12h fest hr of da
— wind RMS for RRret_protoRAPv4_summer, ALL_HRRR rgn, 12h fest hr of day 01.Jul16 thru
— wind RMS for RAPv3_NCO, ALL_HRRR rgn, 12h fest hr of day 01Jul16 thru 14Jul16 wrt ME

R

[N\ T
PR NN -
B i
N =
Q
T
=
N
27
w
33
Tx

o

<

o

T T I I I T T T | | T
4 8 12 16 20
RAPV4 Hour of Day (UTC)

ST —
o L \ -
= el
P~ —
< ‘_\..,_,__/
2 o
Seq
%)
29N
Ze
83
h
(=]
QQ
S | T I T | T [ I [ | | T
0 4 8 12 16 20
Hour of Day (UTC)

6 w
@
<
S
©
=
g
E-
Qr —\ ——
R S R A
Hour of Day (UTC)




/ESRL

1S DIVISION

RAPv4
RAPvV3 (ops)
12 hr fcsts

West US

East US

FmO temperature [ NON ) FmO dewpoint B’ (ON ] FmO wind

2mT

temperature FmO for RRret_protoRAPv4_summer, W_HRRR rgn, 12h fcst hr of day 01Jul1é
temperature FmO for RAPv3_NCO, W_HRRR rgn, 12h fcst hr of day 01Jul16 thru 14Jul16 v1

1
L

(Celsius, Matched)

00 02 04 06 08
[~
]

T T T I I I I T

0 4 8 12 16 20
Hour of Day (UTC)
Tree View Reset scale

temperature FmO for RRret_protoRAPv4_summer, E_HRRR rgn, 12h fest hr of day 01Jul16|
temperature FmO for RAPv3_NCO, E_HRRR rgn, 12h fest hr of day 01Jul16 thru 14.Jul16 w|

| N
s/ — N\ /
o H \ /
2 AN /.
g N\ 4
2 N\ /
S, N7
o 4 &8 " 12 " 46 " 2
Hour of Day (UTC)

2mT,

— dewpoint FmO for RRret_protoRAPv4_summer, W_HRRR rgn, 12h fcst hr of day 01Jul16 th|
— dewpoint FmO for RAPv3_NCO, W_HRRR rgn, 12h fest hr of day 01Jul16 thru 14Jul16 wrt

0

ST SN

0.4
™

(Celsius, Matched)
-04 -00 04
%

-0.8

(

12 16 20
Hour of Day (UTC)

(=)
£
Co

Tree View Reset scale

— dewpoint FmO for RRret_protoRAPv4_summer, E_HRRR rgn, 12h fest hr of day 01Jul16 thr
—— dewpoint FmO for RAPv3_NCO, E_HRRR rgn, 12h fest hr of day 01Jul16 thru 14Jul16 wrt M

Bl 7/ \
R
s@
e A\
25 I /
3 AN V4
=y \ T~
Ontimal \ \L/ /
o vr"llll“l \ \-..____/
S —
0 s " 2 e 2
Hour of Day (UTC)

10mWind

—— wind FmO for RRret_protoRAPv4_summer, W_HRRR rgn, 12h fcst hr of day 01Jul16 thru 1«
— wind FmO for RAPv3_NCO, W_HRRR rgn, 12h fcst hr of day 01Jul16 thru 14Jul16 wrt MET,

=

0.2

(rrblg, Matched)
J
N\
NN
N

/

-0.4

o 4+ 8 2 6 2

Hour of Day (UTC)

Reset scale

Tree View

— wind FmO for RRret_protoRAPv4_summer, E_HRRR rgn, 12h fest hr of day 01Jul16 thru 14
— wind FmO for RAPv3_NCO, E_HRRR rgn, 12h fcst hr of day 01Jul16 thru 14Jul16 wrt MET/

\

(m/s, Matched)
. 0.4
I
[

0.2
™~

0.0

T 1
0 4 8 12

T
16 20

Hour of Day (UTC)



) RAP/HRRR Cloud Building w/Smaller Size Distribution

.}f -@ES_RU

GLOBAL SYS TEMS"D.TVISION

RAP-primary-ESRL 02/03/2017 (00:00) 1h fcst - Experimental  yalid 02/03/2017 01:00 UTC RAP-primary-ESRL 02/03/2017 (00:00) 3h fcst - Experimental  yalid 02/03/2017 03:00 UTC
Ceili kft agl iling (kft agl

No
gnr/gni
specified

More
low
clouds
retained

gnr/gni
specified
at large
values
(small
sizes)

18th WRF Workshop ® Cloud Verification 13 June 2017 & 17



LY
{ = I o 5 - -
O - S = =_W
¢ - 2 £ <
e m Im 5 \HUII - Im
% B _—= e [
£ [ < = = e
& N = == =
) [ © 5 e | —. -
o © g — —— 7 ———
- I - — - I
s ¥ S s —_— =, [3_
“M M, 3 oy m “M M_ 3 nlnll.n“-' —— 0.
: = § ==t - [ON
8 i S g %3 =l
S - L === -
H 8 I =
m Pi B m is |lnmmm S
W M ] InOO W M_ 3 ||||L".||l“ ml o
5%z 28 - == - | LS
g £ B i R —
£oo 3 E2g llm. = X
5E% - 5% _—— == |°
0 E L AR ol =
B N @@ I = o
i S pEE g e = [u
® ® T T T T T T 1 1 T 1
g Ll 2 P
) |
L Y
o -
= o 3 o
(= X | N ; = = 8
o: i g <=2 3
2 1N - |Mu B B
D B % b =
£ = = M . B
5} = J - . |~
m I © m el - -
9 o g = I
o L o
1 & R . @ 5= el
s b T B s
%5 AN o —— ) == | 7
Bl sy =
5 Eis of T PR s oS
5 3%s B c 38 MWW»WHW | =
E K § —_— 3
W m m. — W m & .lmmmwmu <
g7& BS g:é LIIWW.MI. =0
125 L | & ] - = S
Bl Eis ——— B
g5 S ¥ B 5 .I.IM\WWM [
&3 - BEY me | S
53 - 53 =
B N i1 oo = |
" ~ " —=c = |S
[ ] I T | [ I I | I I I I | I [
- ||[|o8 09 or o0z o oz ||[|o8 09 or 02 o0 oz
2 (payoreN ‘001 X) | (PayoreN ‘001 X)
L Y
(=} e = & 8 = = q
o g o ] m = -
(=15 _— R . MW.. _ o
[=] “'1 a— T o
™M mvlw —L 8 = |
é 2 @ £ o
& MM = N .I-m | L~
W ..Flw L m _ w o
=} B 5 b -
© = I ['4 I
- — . -~ I
g ¢ -M- R e £ -y -
m O_ K] wu.. ] “m O_ 3 . ! - m
S o'l ulllllw. TN S o m —ou I
8 & g = = b 8 g2 SN
8 53 == 1 LR I 0
8 e Mwhnll.l.ll. — of 2 £ BN
= oy m UuIWWMH - JE m -
g3 = K £33 o
g1 =g = - Zis S
S48 = B S -
&g a LS 59 8
g2 o —— = =2 -
£l s = = Elg C
Tie = | S 240 3
S w L Sk =
25 1 B Baa =
2o ”n. | S -2 g ; m
® T T T 1 T .
R 09 or 0z 0 | 09 or 0z 0
° (poyoreN ‘001 X) (PeyoIBIN 001} X)
Is s
< o M [
X o o]

During
Cold/Cloudy
Outbreak
6-11 Jan
12 hr

RAPV4
RAPv3 (ops)
RAPv4-RAPv3
6 hr
More Skill




3 2
.w o
S B =
. 2 b X
Om g
=& ~ S N
(To 24 < =
2 2
Q [&]
2 2
o 2 o 2
g g 2
| |
o b N o 2 N
s 5! 83 s &l 8@
o £ g S© 3] - S©
8 B3 5 g8 B} S
3] o1 3
M m_mm N m m,mm N
2 efy © 2 ey ©
¢ 8
Tie Fis
€8 €8
=
238 3 253 3
588 o 5i%
834 8 553 8
2pe 2
° °
p | ] o0 o0z o0 oz p ||| o0 0z 0 oz
2 (PoyoreN ‘001 X) ° (PayoreIN ‘001 X)
r -
I 8
.N =]
o == = g
= === - - 5
S: =
of =" =
& = == |~ 1,
M — - 5
9 e — —r— 9
x e = o «©
=] — — - o
E MI - B e
I |
o bl o o e
3 2 = 8& 3 g
g g -3 S
- = P
o o5 g I © 8 ©'§§
82 el N 823
il =% = | T8¢
8l p—wm————F |3 z 83
e Lﬂllﬂlwl | == © S
mmm ol r mmm
gig = = gEZ
o e o
sl =g = - sii
0 3: ., [ = S @ 3E
0 i e R
Fee —— ~ RR
° I — _lﬁ_m_ (R
=] 09 or 0z 0 02 |||
2 (payore N ‘001 X)

3000’

NCO, RUC rgn, 6h fcst of 3000° ceil

retro1-RAPV3
08
2016-07

TSS for RRret_RAPvd_juil2016_rero1, RUC rgn, 6h fost of 3000 cedl
TSS for RAPV3_NCO, RUC rgn, 6h fost of 3000 cell

TSS 3000 Ceiling
TSS 3000 Ceiling

_jul2016_retro1-RAPv3_NCO, RUC rgn, 12h fcst of 3000' ceil

TSS for RRret_RAPvd_jul2016_rero1, RUC rgn, 12h fcst of 3000° ced
TSS for RAPV3_NCO, RUC rgn, 12h fcst of 3000 ced

_jul2016

09 or oc 0
° (payore N ‘001 X)

09 oy (4 (4] oc-
%mﬁas_.oorxv

—— TSS for RRret_RAPv4
—— TSS for RRret_RAPv4

RAPv3

RAPv4
RAPvV3 (ops)
RAPv4-

6 hr

12 hr




LELESRL

GLOBAL SYSTEMS DIVISION

RAPv4
RAPvV3 (ops)

CsSi
40 km

BIAS
13 km

[ XOX ) Precipitation Threshold Comparisons, CSI

[ XOX ) Precipitation Threshold Comparisons, CSI

o e Precipitation Threshold Comparisons, CSI

More
Optimal
Bias

1 hr

= CSlfor RAP_protoRAPv4_jan2017_retrol_40km, EUSrgn, 1hraccums, 2017-01-01 thru 2017-01-31
= CSlfor RAP_OPER_40km, EUS rgn, 1hr accums, 2017-01-01 fhru 2017-01-31

S \\\
5 \\ 0=0.01in
_ac: 8 1=0.10in
S \ 2=0.25in
g \ 3 =0.50in
S8 4=1.00in
,C;: \ 5 =1.50in
: \ 6 =2.00in
no _ .
o= \ 7 = 3.00in

A 1 \IQIS% ]

| T I T I |
00 10 20 30 40 50 6.0 7.0
Threshold (Bins)

6 hr

= CSlfor RAP_protoRAPv4_jan2017_retrol_40km, EUS rgn, 6hr accums, 2017-01-01 thru 2017-01-31
= CSlfor RAP_OPER_40km, EUS rgn, Bhr accums, 2017-01-01 fhru 2017-01-31

N
N

30

/

CSI (x100, matched)
20

/

T T T T T T T
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Threshold (Bins)

12 hr

= CSlfor RAP_protoRAPv4_jan2017_retro1_40km, EUS rgn, 12hr accums, 2017-01-01 twu 2017-01-31
= CSlior RAP_OPER_40km, EUS rgn, 12hr accums, 2017-01-01 theu 2017-01-31

40 50 60
/

CSI (x100, matched)

10 20 30
/
/

/

T T T T 1T T T T T 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Threshold (Bins)

Precipitation Threshold Comparisons, Bias

—  Bias for RAP_proRAPw_jan2017_retro1_13km, EUS rgn, Thr accums, 2017-01-01 fru 2017-01-31
— Bias forRAP_OPER_13km, EUS rgn, 1hraccums, 2017-01-01 theu 2017-01-31

450
\

350
™~

Bias (x100, matched)
250

1|50

40 50 60 70
Threshold (Bins)

0o 1o 20 30

Precipitation Threshold Comparisons, Bias

—  Bias for RAP_proRAPw_jan2017_retro1_13km, EUS rgn, 6hr accums, 2017-01-01 fru 2017-01-31

AN

N
/4
4 \

/4 \
o \
\//

240

200

120

Bias (x100, matched)
160

Optimal \\

1 T T T 1 T 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Threshold (Bins)

Precipitation Threshold Comparisons, Bias

—  Bias for RAP_probRAPwI_jan2017_retro1_13km, EUS rgn, 12h accums, 2017-01-01 theu 2017-01-31
— Bias forRAP_OPER_13km, EUS rgn, 12hr accums, 2017-01-01 theu 2017-01-31

A\

8 / A\

gt 7
Se yARYAN
g™ yARVARN
Sy /S / N
8¢ /7
AN i \
D\ —~A \

0o 10 20 30 40 50 60 70
Threshold (Bins)




RAPv4
RAPvV3 (ops)

CsSi
40 km

BIAS
13 km

[ JON Precipitation Threshold Comparisons, CSI

YN Precipitation Threshold Comparisons, CSI

" © @ Precipitation Threshold Comparisons, CSI

1 hr

= CSlfor RAP_protoRAPvA_jul2016_retro1_40km, EUSrgn, 1hraccums, 2016-07-01 thru 2016-07-31
= CSlior RAPV3_NCO_40km, EUSrgn, 1hraccums, 2016-07-01 thru 2016-07-31

6 hr

= CSlior RAP_protoRAPv4_jul2016_retro1_d0km, EUS rgn, 6hr accums, 2016-07-01 thru 2016-07-31
= CSlfor RAPV3_NCO_40km, EUS rgn, Ghr acoums, 2016-07-01 thru 2016-07-31

12 hr

= CSlior RAP_protoRAPv4_jui2018_retro1_d0km, EUS rgn, 12hr accums, 2016-07-01 theu 2016-07-31
= CSlior RAPV3_NCO_40km, EUS rgn, 12fw accums, 2016-07-01 fwu 2016-07-31

More
Optimal
Bias

A N

o\ 8\ NN
NN 0=0.0tin|_ N =T
B3\ 1=0.10in |- LAY 3

=0. W 2 \\

< \ R o
So LY 2=0.25in | }_,Ja A\ ey \\
£ - A 3=0.50in |_ g NN g S

© AN ) © NN S
o~ AN 4 =1.00in : o™ A os® \ \
95! N 5=1.50in |_ 953 N =
= N 6=2.00in [ = AN =] S
@ S 7 =3.00in |- @ @ SO 7
@] o \—h-k-:———"\ (&] o \ \

~ B —— <~ N = e~

< I I I [ I I T [ I I T [ I | < I I I T I [ I T I | I T I | °© T I I I T [ I [ T | I [ T 1

00 10 20 30 4.0 50 6.0 7.0 0.0 1.0 20 30 4.0 50 6.0 7.0 0.0 1.0 20 30 4.0 50 6.0 7.0
Threshold (Bins) Threshold (Bins) Threshold (Bins)
Precipitation Threshold Comparisons, Bias [ JON ) Precipitation Threshold Comparisons, Bias [ XOX ) Precipitation Threshold Comparisons, Bias
= Bias for RAP_proloRAPW_jul2016_retro1_13km, EUS rgn, 1hr accums, 2016-07-01 theu 2016-07-31 = Bias for RAP_proloRAPW_jul2016_retro1_13km, EUS rgn, 6hr accums, 2016-07-01 theu 2016-07-31 = Bias for RAP_proloRAPW_jul2016_retro1_13km, EUS rgn, 12hr accums, 2016-07-01 thru 2016-07-31
= Bias for RAPV3_NCO_13km, EUS rgn, 1hr accums, 2016-07-01 theu 2016-07-31 = Bias for RAPY3_NCO_13km, EUS rgn, 6hr accums, 2016-07-01 thru 2016-07-31 = Bias for RAPV3_NCO_13km, EUS rgn, 12hw accums, 2016-07-01 thru 2016-07-31
(=]

5l / 5l TIEENN
() (] -
38 28 5 <X Optimal
£ / E / £3
] 7 s E
—o o / B
8 8 8 T~
o . m | \/ H m

3 Optimal 5 Optimal 3 \\

I T T I T T T | T T I I"ﬁ T I T T T I T | T T T I T |
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Threshold (Bins)

Threshold (Bins)

Threshold (Bins)




100°E  90°E 80°E 70°E 60°E 50°E 40°E

40°N

13-km Rapid Refresh 4N
(RAPv4) — to 39h (Feb 2018)

Initial & Lateral
Boundary
Conditions

3-km High-Resolution
Rapid Refresh Alaska,
Hawaii and Puerto Rico
Testing (HRRR-AK,
HRRR-HI, HRRR-PR)
Experimental (ongoing)

30°N 30°N

20°N 20°N

3-km High-Resolution
Rapid Refresh (HRRRv3) [
— to 36h (Feb 2018) .

Initial & Lateral
Boundary
Conditions

10°N

10°S 10°S

3-km Storm-Scale

: : : Ensemble Analysis and
3-km High-Resolution Time Lagged Forecast (HRRRE)

3-km HRRR-Smoke (VIIRS fire data) | Experimental (ongoing)

140%7y 130°W 120°W  110°W | 100°W 90°W 80°W




0 55 60 65 70 75

15 20 25 30 35 405 45

19

5

Operational HRRRv2 13 hr fcst
OUTC17 M

0

Composite Reflectivity Observations
00 UTC 17 May 2017

T ey
e e
,.\,\ﬂfjﬂ oA

)
s

0 55 60 65 70 75

45

More Accurate
Convection Along
Weakly-Forced Dryline

15 20 25 \30 35 4

N
o
(QV
>
©
=
N
O |
—
””v |
o
o
o |
T
S |

1

e
79}
L
| -
L
™
~
™
>
e
e
e
I
®©
el
C
o
£
| -
o
o
x
L

5

0

T _—

mu.
&
S
a
)
2
w
I
.
@
<
@
o
O



LELESRL

GLOBAL SYSTEMS DIVISION

HRRRv3
HRRRvV2 (ops)

CsSi
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BIAS
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Bias

Precipitation Threshold Comparisons, CSI

1 hr

= CSlior HRRR_40km, EUS rgn, 1hr accums, 2017-05-01 fwu 2017-05-28
= CSlfor HRRR_OPER_40km, EUSrgn, 1hraccums, 2017-05-01 thru 2017-05-28
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Precipitation Threshold Comparisons, CSI

Hoe

Precipitation Threshold Comparisons, CSI

= Bias for HRRR_03km, EUSrgn, 1hr accums, 2017-05-01 thru 2017-05-28
= Bias for HRRR_OPER_03km, EUS rgn, 1hr accums, 2017-05-01 thru 2017-05-28
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12 hr
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Rapid Refresh Alaska,

Hawaii and Puerto Rico
Testing (HRRR-AK,
HRRR-HI, HRRR-PR)
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Initial & Lateral
Boundary 0° .
Conditions

3-km High-Resolution
Rapid Refresh (HRRRv3) o
— to 36h (Feb 2018) : .

Initial & Lateral . \—
Boundary

Conditions

3-km Storm-Scale
Ensemble Analysis and
IR © -d99el Forecast (HRRRE)
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36 GDAS
Members Ensemble 1 Ensemble Ensemble
: Kalman ' Kalman | : Kalman
Filter % Filter Wl Filter

9 HRRRE
18-hr fcsts

Soil Moisture
Perts

Stochastic Parameter Perturbation (SPP) PBL - 00z Only




55% CONUS HRRR

Topography height

meters MSL
. o T M

; + 1 4183.78

Proof-of-concept

Real-time demonstration
With NSSL Experimental
WoF System for ensembles
‘NEWS-¢”

Real-Time Web Graphics
https://rapidrefresh.noaa.gov/hrrr/HRRRE

« Single core (ARW)

« Ensemble DA (DART and GSI-EnKF)

« RAP mean + GDAS perturbations w/more inflation
« Conventional observations

« Radar reflectivity observations

« Stochastic physics

 Cloud analysis

« Soil adjustments

« HRRR-TLE post-processing

Assimilation Forecast
36 members 12z — Nine members to 18 hrs
1 hr cycling 15z — Nine members to 18 hrs

15 fcsts / day 18z — Nine members to 18 hrs
Start 09z day one 21z — Nine members to 18 hrs
End 00z day two 00z — Nine members to 36 hrs
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